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(57)Abstract: 

PURPOSE: To provide a heterodyne or homodyne 
optical detecting device which does not require a 
really polarized-light sensitive layer. 
CONSTITUTION: An optical heterodyne or 
homodyne receiver has an integrated type optical 
element 140, where a local oscillation beam and a 
signal beam are put together and split into 
orthogonally polarized partial beams at the same 
time. This element has a polarized-light sensitive 
beam splitter layer on its 1st surface 141 and a 2nd 
beam splitter layer on its 2nd surface 142 
perpendicular to the 1st surface. The 2nd layer 
functions as a beam combiner element in this 
receiver and has two parts 142a and 142b. One part 

142a passes and reflects one polarized state S to a specific extent and the other part 142b 
has the characteristics of the other polarized state P. 
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* NOTICES * 

JPO audi NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical system which has a beam combiner layer (142) for compounding a local 
oscillator (11), and the polarization induction beam splitter layer (141) and signal beam radiation 
which divide a lightwave signal beam into two partial beams (S and P) by which rectangular 
polarization was carried out with local oscillation radiation (140), In the optical heterodyne of a 
lightwave signal beam or homodyne detection equipment equipped with the detection system 
(171,172,173,174) for changing the compounded radiation into at least one electrical signal suitable 
for subsequent processings Or carry out owner Perilla frutescens (L.) Britton var. crispa (Thunb.) 
Decne. of the reflection coefficient, it is arranged in one radiation way of said partial beam, and 
desired extent is made to pass radiation of each partial beam, said beam combiner layer — each — 
transmission of a polarization dependency — and ~ Lightwave signal beam detection equipment 
characterized by having two parts (142a and 142b) which it came to reflect. 
[Claim 2] Carry out incidence Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne, of said 
radiation to said beam combiner layer at the include angle of 45 degree of****, and the linearity 
polarization of said partial beam is carried out. Furthermore, it optimizes so that each of said two 
parts (142a, 142b) of said beam combiner layer may reflect in extent of said request through 
radiation separately. And said radiation is detection equipment according to claim 1 characterized by 
considering as linearity polarization in P and the direction of S about said polarization induction 
beam splitter layer (14), respectively. 

[Claim 3] Said optical system is detection equipment according to claim 1 or 2 characterized by 
having at least one reflector (143, 144, 145,146,147,148) arranged at that optical path in order that 
one optical element may be piled up and this optical element (140) may deflect an inlet port or an 
outlet radiation beam further. 

[Claim 4] Said reflector (143, 144, 145,146,147,148) is detection equipment according to claim 3 
characterized by being extended at the include angle of about 45 degrees to said optical path. 
[Claim 5] Said reflector (143, 144, 145,146,147,148) is detection equipment according to claim 3 or 
4 characterized by being extended with the include angle of about 45 degrees to the field where the 
optical path of said radiation beam is arranged within said optical element (140). 
[Claim 6] It is detection equipment according to claim 4 or 5 which at least one reflector (145,146) is 
arranged in the optical path of an input beam in order to deflect the beam containing the 1 st 
direction, at least one reflector (143,145,147,148) is arranged in the optical path of an outlet beam in 
order to deflect an outlet beam towards the 2nd direction, and is characterized by said 1st and 2nd 
directions being directions which counter in vertical angle. 

[Claim 7] Said optical element (140) is detection equipment according to claim 3 to 6 which has at 
least one inlet port or outlet side which has the perpendicular extended with a certain include angle 
to the optical path of a radiation beam, and is characterized by said include angle having a value 
between the abundance for about 10 minutes. 

[Claim 8] Said optical element (140) is detection equipment according to claim 1 to 7 which has at 
least one prism (140a or 140b) which has two side faces surrounding a vertical angle, and is 
characterized by said two side faces having a part of said beam splitter layer (141a or 141b) and 
beam combiner layer (142b or 142a), respectively. 

[Claim 9] The vertical angle of said prism (140a or 140b) is detection equipment according to claim 
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8 characterized by being 90 degrees. 

[Claim 10] The optical system or the optical element suitable for using it for detection equipment 
according to claim 1 to 9. 



[Translation done.] 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the optical heterodyne of a lightwave-signal beam 
or homodyne detection equipment equipped with the optical system which has a beam combiner 
layer for compounding a local oscillator, and the polarization induction beam splitter layer and the 
signal beam radiation which divide a lightwave-signal beam into two partial beams by which 
rectangular polarization was carried out with a local-oscillation wave, and the detection system 
which changes the compounded radiation into at least one electrical signal suitable for subsequent 
processings. 
[0002] 

[Description of the Prior Art] Optical heterodyne detection equipment is used for lightwave signal 
transmission. Compared with the case where mixing a signal beam and the light beam from a local 
oscillator with heterodyne equipment detects a signal beam directly, a quite good result is obtained 
about discrimination of a S/N ratio and background radiation. The principle of the heterodyne 
detection of luminous radiation is explained by the reference "Optical Helerodyne Detection" of 
"IEEE spectrum" 1968.pp.77-85 in fUU detail. It is important for this reference that the condition of 
polarization of a signal beam and a local oscillation beam corresponds as much as possible so that it 
may be shown. One solution which attains this is dividing into two partial beams which have the 
polarization condition which intersects a signal beam perpendicularly mutually, respectively. These 
partial beam is compoimded with the local oscillation beam which polarizes in the same condition. 
[0003] 

[Problem(s) to be Solved by the Invention] Two polarization induction beam splitters which divide 
four components, i.e., a signal beam and a local oscillation beam, theoretically, respectively, and two 
beam combiner elements for compounding a partial beam are required for division and composition 
of a beam. One side of these combiner elements becomes unnecessary by compounding a signal 
beam and a local oscillation beam first, and dividing it into two rectangular polarization section 
beams by the polarization induction beam splitter after that. A beam combiner element not only has 
two inputs, but since it has the output of two pieces inevitably, in response to all signal radiation, it 
must detect two polarization induction beam splitters. 

[0004] Above equipment is shown in drawing 3 of the European Patent appHcation public 
presentation No. 0,345,889 specification. In this equipment, the beam splitter and the beam combiner 
element are accumulated on one optical element containing a two-layer beam splitter. The 1st layer 
is a polarization induction beam splitter layer, and about the polarization condition of incident light, 
the beam splitter layer of another side is neutrality, and is used as a combiner element. However, the 
layer which induces polarization truly is difficult to manufacture, therefore it is expensive. Since the 
polarization effectiveness which may be produced in the truly neutral layer which functions as a 
beam combiner element in conventional equipment has another effectiveness in actuation of coherent 
detection equipment, such a truly neutral layer is required. This invention aims at offer of the above 
mentioned optical heterodyne with the unnecessary layer of truly polarization sensitivity, or 
homodjoie detection equipment. 
[0005] 

[Means for Solving the Problem] the equipment by this invention — a beam combiner layer — each — 
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a polarization dependency transmission coefficient — and — or it has a reflection coefficient and is 
characterized by being arranged in one radiation way of a partial beam, and including two parts in 
which desired extent is passed and it came to reflect radiation of each partial beam again. This 
invention is based on the fact that the radiation beam included in a beam combiner layer does not 
have poleirization of arbitration, but polarizes in the fixed condition, in the example shown in 
drawing 3 of the European Patent application public presentation No. 0,345,889 specification. Thus, 
it is enough as a beam combiner layer to use the layer which has a transmission coefficient and a 
reflection coefficient equal about the radiation of a polarization condition which does not need to be 
neutrality truly, and is a request, for example, carries out incidence to the layer about a polarization 
condition. Those layers have manufacture quite cheaper than a true polarization neutral layer, 2ind are 
easy. 

[0006] The example of the equipment of this invention is optimized so that it may reflect in extent of 
the request of each of the above-mentioned two parts of a beam combiner layer to each through 
radiation, and it is characterized by coming to make the radiation into the linearly polarized light in P 
and the direction of S about a polarization induction beam-splitter layer, respectively. A coherent 
diversity wave detector often consists of a polarizing filter which chooses a linearly polarized light 
condition by the reasons of a configuration, and a beam extended with the include angle of about 45 
degrees to a beam splitter side in fact. 

[0007] Other examples of the equipment of this invention with which optical system is accumulated 
on one optical element are characterized by having at least one reflector arranged at the optical path, 
in order that an optical element may deflect an inlet port or an outlet radiation beam. The optical 
fiber or optical waveguide which supplies and derives this inlet port and an outlet radiation beam can 
be arranged in a direction which is different so that structure of equipment can be made small or 
easy, and a different location. These reflectors are arranged with the include angle of 45 degrees so 
that a deviation may be performed in the range which is 90 degrees. 

[0008] This example is further characterized by being extended with the include angle of about 45 
degrees to the field where the optical path of a radiation beam is arranged for these reflectors within 
an optical element. Thus, an inlet port and an outlet beam can be connected to this optical element a 
"top" or the "bottom." This equipment is arranged in the optical path of an inlet-port beam, in order 
that at least one reflector may deflect the beam which enters fi*om the 1st direction, in order that at 
least one reflector may deflect an outlet beam towards the 2nd direction, it is arranged in the optical 
path of an outlet beam, and the 1st and 2nd directions are characterized by being the direction which 
counters in vertical angle. An inlet-port beam can be arranged to the optical element "up side", and 
an outlet beam can be arranged to the "down side", or it can arrange to "before and the backside", 
respectively. [ the "backside" ] The advantage that the guidance means of a beam becomes 
unnecessary by this between an optical element and the radiation induction detector which can be 
directly arranged to the field is acquired further. 

[0009] Reflection is produced in respect of the inlet-port side of coherent detection equipment, an 
outlet side especially optical waveguide, and other optical elements. For example, by the reflection 
and interference between them which are repeated, although such reflection disturbs reception of a 
signal, such turbulence should be called off if possible. Reflection can decrease by preparing 
nonreflective coating. In order to reduce further the effect of turbulence of other reflection in the 
field of an accumulation mold optical element, with the equipment of this invention, it has at least 
one inlet port or outlet side which has the perpendicular to which an optical element is extended with 
a certain include angle to the optical path of a radiation beam, and, as for this include angle, has the 
value of the abundance for about 10 minutes thru/or abundance, an inlet port — and — or since an 
outlet side has an about 1 -degree slight inclination to the beam which passes along them, the beam 
reflected in respect of the does not go into optical waveguide. Reception of this signal is carried out 
in this way, and is not disturbed. In order to avoid the radiation loss by reflection, it is good to 
prepare nonreflective coating. This coating has comparatively low quality and about 0.5% of residual 
reflection. 

[0010] For this reason, as the inlet port or outlet side of optical waveguide is also shown in the 
reference "Generalpurpose single-mode laser parkage provided with a parallel beam outputhaving-60 
dB interface feedback " of minutes p.215-218 of MthECOC conference (September, 1988, 
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Brighton), in a light guiding pipe, it can arrange aslant. 

[00 11] According to other descriptions of this invention, optical system contains one or more prism 
with which a vertical angle counters mutually. As for the equipment of this invention, this optical 
system has at least one prism which has two side faces surrounding a vertical angle, and these two 
side faces are characterized by giving a part of beam splitter layer and beam combiner layer, 
respectively. The severity of the tolerance which must be considered by this when assembling optical 
system to one element falls. In this case, the quality of this element is determined by the quality of 
these prism that has these layers, and it is determined by the precision considered during assembly 
although extent is lower than it. The vertical angle of this prism is good in it being 90 degrees. 
[0012] 

[Example] Drawing 1 is the schematic diagram of optical heterodyne or homodyne detection 
equipment. The signal beam from the optical transmission fiber 1 10 is made into a coUimated beam 
with a lens 121, and starts the 1st input of optical system or an optical element 140. The beam which 
starts the 2nd input of an optical element 140 through a lens 1 12, a fiber 113, and a lens 131 is 
generated within a local oscillator 1 1 1 . A system 140 is built as one element and has two fields 141 
and 142 mutually extended in the direction of a right angle. A polarization induction beam splitter 
layer is prepared in a field 141 . The field 142 has two parts 142a and 142b on both sides of a field 
141. A beam splitter layer is prepared in each part. A signal beam and a local oscillation beam are 
divided into two partial beams which have the polarization direction which intersects perpendicularly 
mutually in the beam splitter layer of a field 141, respectively. In drawing 1 R> 1, this is indicated to 
be (P) by (S), the polarization direction of an advance beam is in parallel (P), and the polarization 
direction of these beams reflected in respect of 141 is the rectangular direction (S). Respectively, it is 
the same location on layer 142a, and is divided into two partial beams of equal reinforcement, a 
signal beam is compounded with the reflective part of a local oscillation beam, and the same of two 
partial beams of the parallel polarization direction P is said of reverse. Thus, beam splitter layer 142a 
acts as a beam combiner element. Photoelectric transducers 171 and 172 let two compounded partial 
beams which is obtained pass through lenses 122 and 123 and fibers 161 and 162. Similarly, S 
polarization partial beam of a local oscillation beam and a signal beam is compounded by layer 
142b, and goes into a photoelectric transducer 173,174 through a lens 132,133 and a fiber 163,164. 
[0013] The location on the field 142 as for which a parallel P polarization beam and S polarization 
beam carry out incidence is detached spatially mutually. The beam splitter layer of this field 142 
does not need to be the same as a whole. In actuation of this equipment, this part of the field where 
the incident beam serves as P polEirization passes equally the beam which polarized in this condition, 
it has beam splitter layer 142a to reflect, and partial 142b of the field 142 of S polarization beam 
which carries out incidence should just reflect and let the beam of polarization of this condition pass 
equally. 

[0014] Since these [ of two partial beams ] two output signals are in phase, the output signal of two 
photoelectric transducers is compounded by adding them to one differential amplifier. The signal of 
converters 171 and 172 is the differential ampUfier 181, and it of converters 173 and 174 is 
compounded with the differential amplifier 182, respectively. This not only uses all the energy of a 
signal beam, but has the effectiveness of decreasing the noise of a local oscillation beam within the 
differential amplifier. The output signal of differential amplifier 181 and 182 is compounded in a 
circuit 190. The outputs of this circuit are the lightwave signal added to equipment through the 
transmission fiber 110, and the electrical signal modulated for the same information. In the above 
explanation, the beam combiner layers 142a and 142b are formed in the layer reflected through the 
beam of tales doses. It can constitute so that it may have the reinforcement from which the partial 
beam formed differs these layers theoretically. 

[0015] Drawing 2 (a) shows the example which has a reflector for an optical element 140 to deflect 
an inlet port and an outlet beam. This example is a modification of the example of drawing 1 . Only 
the changed optical element 140 is shown in drawing 2 (a). An element 140 has the polarization 
induction beam splitter layer 141 and the beam splitter layers 142a and 142b in one field as in 
drawing 1 . The side face of an element 140 is **(ed) with a field at the include angle of 45 degrees, 
and he is trying for each of the four flanks to serve as reflectors 143,145,147 or 148. These reflectors 
are made to be reflected in respect of these, before and after an inlet port and an outlet beam being 
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divided by the beam splitter layers 141,142a and 142b and compounding. In respect of drawing 2 (a), 
the location of an inlet port and an outlet beam is shown by the lenses 121, 131, and 
122,123,132,133 shown with a broken line. 

[0016] Drawing 2 (b) is a side elevation in line B-B of the optical element of drawing 2 (a). A signal 
beam hits an element 140 from a fiber 1 10 through a collimator lens 121 . This beam is reflected in 
respect of 143 within this element, and it is divided into the polarization component which intersects 
perpendicularly by the polarization induction beam splitter 141, and one side of these components 
crosses beam splitter layer 142a, and it is compounded with a part of local oscillation beam there. A 
wave detector lets this compounded beam pass through a reflector 148, a lens 123, and the guided 
wave section 162 next, 

[0017] Drawing 3 (a), 3 (b), and 3 (c) show other examples of the optical element of this invention. 
Unlike drawing 2 (a) and 2 (b), by an inlet-port beam entering from a top, after reflecting an outlet 
beam in respect of 143,145,147,148 by reflecting in respect of 144 and 146, it comes out from the 
bottom. Thus, the bottom can be completely used in order to give the means for receiving an outlet 
beam by arranging a beam induction detector directly to the down side, as the broken-line circle 
171,172,173,174 shows. Drawing 3 (b) and 3 (c) are the side-face sectional views in line B-B and C- 
C. In drawing 3 (b), a signal beam enters through the guided wave section 110 and a collimator lens 
121 . It reflects in respect of 144, and this beam crosses the beam splitter layer 141 and beam 
combiner layer 142a, and reflects them towards a detector 172 according to a field 148. This detector 
172 is arranged directly at the element 140 bottom. Drawing 3 (c) shows the beam which goes into a 
detector 173 through the beam splitter layer 141, beam combiner layer 142b, and a reflector 143. 
[0018] In order especially to decrease the radiation loss in the air-glass interface of an optical 
element and to make it turbulence not arise in reflection in these fields, the inlet port and outlet side 
of an optical element have nonreflective coating. Just nonreflective coating is not necessarily enough 
to prevent the effect of all turbulence of the reflected light. According to this invention, the inlet port 
and outlet side of an optical element are aslant arranged so that the perpendicular of those fields may 
be extended at the include angle of 1 degree of**** to the direction of the beam passing through 
that. This is shown in drawing 4 . drawing 4 — the edge of an optical element and optical waveguide 
— removing — drawing 1 and **** — it is the same. Drawing 1 R> 1 is referred to for explanation of 
the element mentioned later. An optical element 440 has an inlet port and an outlet side, and these 
perpendiculars are extended with the include angle of about 1 degree in the direction of the beam 
passing through that. However, the polarization induction beam splitter layer 141 and the beam 
combiner layers 442a and 442b have a location to the same beam as the fields 141,142a and 142b 
where drawin g 1 corresponds. Since these inlet ports and an outlet side are slanting, the beam 
reflected there does not go into a waveguide, therefore does not influence a detection system. Thus, 
since there is no reflective bad influence, it acts so that only nonreflective coating may fall radiation 
loss. So, it is enough if nonreflective coating which does not need to apply very high-class 
nonreflective coating to the field of an element 440, and has about 0.5% of residual reflection factor 
is used. 

[0019] The optimal tilt angle of the side face of an optical element 440 is decided by the distance and 
the diameter to collimator lenses 121-133, and is the range of abundance to the abundance for 10 
minutes. Moreover, the end face of waveguides 110, 113, and 161,162,165,164 can be aslant 
arranged to a beam. I want to refer to the reference of above ECOC about the detail. The inlet port 
and outlet side of this slant can be used also about drawing 2 and the reflector of 3. Since the 
direction of the outlet part of a local oscillation beam of the include angle between beam splitter 
layers is the same as it of the outlet partial beam of a signal beam in this example, it becomes a right 
angle. However, a beam splitter layer does not need to become right-angled mutually. 
[0020] This is shown in drawing 5 . In this drawing, four parts 141a, 141b, 142a, and 142b of a beam 
splitter layer are shown, and these are making include angles alpha, gamma, beta, and delta mutually 
in the conmion feature 0. The 1st beam S, for example, a signal beam, goes into field 141a at an 
include angle i. Setting to this field. Beams S are two partial beams SI. S2 It is divided and comes 
out of that field at the same include angle i. Partial beam SI S2 Incidence is carried out to Fields 
142a and 142b with include angles 1 and k, respectively. It sets to field 142a and is the partial beam 
SI . It is again divided into two partial HIMU SI 1 and SI 2, and, similarly comes out of the field at an 
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include angle I The same is said of field 142b, and this is the partial beam S2. It is divided into S21 
and S22, and comes out of the field at the same include angle k as an incident angle. 
[0021] The 2nd inlet-port beam L which goes into field 141b at an include angle j is the partial beam 
LI. L2 It is divided and each is further divided into the partial beams LI 1, L12, L21, and L22 in 
respect of 142a and 142b. If the partial beams LI 1, L12, L21, and L22 are the respectively same 
directions as the partial beams S 12, SI 1, S22, and S21, it is the partial beam LI. It goes into field 
142a at an include angle 1, and is the partial beam L2. The include angle which field 142b makes is 
set to k. 

[0022] The angular relation-ship in drawing 5 is as follows. Trigonum OAC — alpha+i+k= — the 1 80 
degree; trigonum OCB — gamma+k4-j=180degree; — Trigoniun OBD — beta+j+l= ~ the 180 degree; 
trigonum ODA — deltaH-H-i= — 180 degree; square ABCD — 2(i+j+k+l) = 360 degrees. From these to 
alpha+beta=ganmiaH-delta = it becomes 180 degrees. Two the include angles alpha and beta of an 
angle or the sums of gamma and delta which counter must be 180 degrees so that a signal beam and 
a local oscillation beam may come out in the same direction. Although the shift of these fields in 
which it is made for Fields 141a, 141b, 142a, and 142b not to have a common feature O which 
receives mutually does not influence in the direction of an outlet beam, it influences the mutual 
distance between the main shafts of a beam. In fact, such a distance can be solved by acquiring lap 
sufficient on a wave detector, even if it enlarges the diameter of a beam by the collimator lens and a 
beam shifts slightly mutually. 

[0023] Drawing 6 shows one example of the optical element 140 which uses the above-mentioned 
principle. This element has four partial prism 140a, 140b, 140c, and 140d, the seal of the side face of 
these prism is mutually carried out with the optical adhesives 150, and the refractive index after 
hardening of these adhesives is the same as a prism ingredient. The vertical angles alpha and beta of 
Prism 140a and 140b are chosen so that the sum may become 180 degrees. The beam splitter layers 
141a £ind 142b are formed in two side faces of prism 140a which face Prism 140d and 140c, 
respectively. Layers 142a and 141b are formed in the side face of prism 140b facing Prism 140d and 
140c. Thus, by preparing a beam splitter layer, it is guaranteed that adjustment between four prism 
behind a seal does not have the optimal include angle between the fields of a beam splitter. Although 
include angles alpha and beta are good in it being 90 degrees, respectively, different selection as 
mentioned above is also possible. If Prism 140a, 140b, 140c, and 140d is assembled to one element, 
it is not necessary to perform exact adjustment of these prism received mutually. Since the quality of 
these elements is determined by two prism 140a and 140b, the precision of other prism (140c and 
140d) may be low, therefore is cheap. Prism 140c and 140d may be omitted by being filled up with 
adhesives there. If a configuration which enables change of the refi-active index in the location of 
fields 141 and 142 is taken, it is completely good also as with empty in the tooth space for prism 
140c and 140d. 

[Translation done.] 
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(54) [^|gO:fefS;3 3fe<i^C-.A|g|iSr^g 



(57) tS-^j] 

2a ( 1 4 2 ) icm2 fc'- ij 5^ ^P/S^rWr-So C 
<^.^ 2 Ja (i c fiC-^CiStciJC »r t'- A n > .» < ^ i 
O-CWtel/. -oo^<> < I 4 2 a i 1 4 2 b ) «Wf 
^. -eo— * < 1 4 2 a ) i*— -^CDilTtttia^ iS) 

^cQfiaccfflO-eorJSa^u, ( 1 4 2 b ) k*fibo 
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(2) 

1 

3jasitb'-.i.:^:/y ? ( 1 4 1 ) 4aJ:o'©#fcf-A 
Bfel^ ^^as* i ^6£t- ^> fc«><C' f - A 3 > / < ^ :^ 

s ( 1 4 2 > ^m-th^^m ( 1 4 0 ) -^ss^nfe 

&T^fci^U>mm3k{l7 \. 17 2, 17 3. 17 
4) «:<iit Ct*&jfefi^b--^0:*:^-v<7^Pir-^> 

a. ^Sf$-li-Sc^:^tcf^o^<:2^©gji^> < i 4 2 ai 1 
4 2b> *WUXC-&Ci«:4$8fc<!:'r^*m^K'-2*#t 

[1351^2] iTrt2BfcS4Jiiflg2b'-.i.=i>M-^^S{CtJv' 

4 5* (o^&x^sju-^Lxmm^f^^^-Mmmmit 

^^(142a. 1 4 2 b ) a:>^'Y:0^jli|'y(Cfi||2^^O 20 

l/'CHiriaBJc^v*Byia^jfe®»tb'-<e^;^:/ij 4?® < i 
4) ecB9L/^^Pijj:os:^ifi]cciia?f3ffl*isn^c<t 

<4:^>lfli(^>^#m (143. 144, 145, 14 

6, 14 7. \ 4 8) ^mrhct^^t^i>u^i^ 
1 « tcit 2 (>cia^<om&^mo 30 

[ig5l?3i4 ] Btila^SiM M 4 3, 144. 14 5. 1 
4S, 14 7, 1 48) kaB«IB*§fi<C*i 05^545 • c:>ft 

[igjft^S] HijiaJSS*M( 143. 144. 14 5. 1 
4 6, 1 4 7, 1 4 8)4*. MsB^^m^ ( 1 4 0 ) rt 

xmiBttm b'- Ao*gs*«B3s $ astciH- 4 5 • 
(Oft fs:«r ^ -r-c wo'i c i ^sesfci-r «#:*;S3 :e fcji 
4«e:i2$j;CDt#S^S. 

i*<i4>l-:>C^Jiffl (1 45, 14 6) 3{yS7^^b-,f. 40 

«>itBartccEg3n, ^2oc'*i6]tcr6it^raipi^-i.«r 

^fPl'r*ft:«>mDb'-A(Z:'7\:SSF»9tCii.^< i ^ 1 -?(0}^Sj 
®(i43. 14 5, 147. 148) i>^^^$ tl, <r 

g. 

li^Jmi ] miBXi^^m (14 0) i*BtS?b'- ACT)* 



«H^6 - 3 7 2 0 

2 

[iSyma ] (14 0) 4*7lft«rSt?2-^ 

(0©]ffi*W'?'^:i-^< 1 4> 1 XA { 1 4 0 a ^ A: 

til 4 0 1)> ^mu. ma2rHomm^^*im^^--^ 

^rf^Jy^m (14 1 a^tc\tl 4 1 b> feJrCJ'b'-A 
3>'<-Y:?-@ (142 b^tcltl 4 2a) <^)— Sji^Wf 

[ig*I9l iirt2:7yXA (1 4 0aSA:lil4 0l)) 

i^jm 1 0 J ig*3i 1 Tbm9a>i,*rm^^Bm<oim 

[ :) 0 0 1] 

b'- A«r 2 ooc'its^*^ n fci' - A tc ^mr^m 

i ^.qjrr ^ A:«t>a> - A r! >/ < ^ :^ JS -fi^'r 

b - A<^ jt:^^ ^ D ^ ^ > :t A: li*^: ^ >^|^gtC 
1 0 0 0 2 ] 

td^v^^n^). ^Ta^^:ym^X'\mt:--jutm^^ 

>t^a<^jSjSv* - I EEE:J^-<^ h^A^ 19 68. p 
P . 7 7-85 <D:kM. ^Optical htelerocNTHa Daxectlo 
CCl^asnri'-S. C<DXi(R(Cjn$n'£c^:-^CC, ft 

- Aij^aiaiSb"- A<j:'^jfea>R@ASejf^^j:P*i 

lifi-^b- A«:#5 ^ Ki^iams^r^miiAm^mn, 2 
•^•gU9b-Aic<>*rricirA-s. cnis»0b-- 
Ai*isj-<D«ss^®fe s n -s^^^iR br- A i n 

[ 0 0 0 3 ] 

«ffe*>, <t^t^-A<!:^ai^iSb'-A?:^'i9Siir*2 

flitJC'iljfessiDf-AA:?*'; gli^b'-A^r^ic^'^ 
^» tcitAO 2 ili© ir-- A > / < ^ b'^ Afic^^^ i 

^<c««s«T?^^o Jjrm^b-Ai^^ssb-A* 

'C-(^>!li«r-C-'n«:|i7e5Sl&b'-AA7»J ^»^?tcj: 
0 2"Wit.5fejl7fc^b-Aer<^il^^C<i:tCJ:D. cn 

W -^-S^ti 2 -3<^>A^3 ^if ^ liiO^ D rft < ififs^fl^tC 
2igIflCffl;ft«:13r*i>>^. 2®a>^i£i3lSb'-Aj;^'7 y 
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3 

[ 0 0 0 4] ±i2iD#.S* a - D y /v4*SttilSIi^|8^ 
0. 345. 889^9e9^a>, @3<r7n$ncir^&. 
C ©Sastc »T t - :^ y ^ 4d J: CX t - A a > 

il^f^J!>mUX'3bO. S£-7-CJ^ffir*>^. SE3SE<^3^^tCid 

I « f - A 3 >M ^ t o rWfeSf ^^r^fc *ti<^> 
ccsijcc'^m^ ^ ^>5^ ^ , ^ oc- ct ^ 4iti<D!Si0^e:^® 

[ 0 0 0 5 ] 

- A 3 > M ^ m\t^ 1 d5Sjfe«fei?14f£i3Si^ria-e ox^ 

0. 34 5, a8 9^^8aS<Oii]3^Cm'^.^jteWC43(,- 
c cc. J: ^ b - A 3 > M H' -Ml li^it ItMccPiQ u xM^ 

[ 0 0 0 6 ] *^^l<:o^@op«lif - Aa >f<^ -tm<r> 

•c- u r isfitr <fc ^ tcgisi k $ n-e u x -ei^jfes^ i^^^* 
ssic t'- A y ij ^ @<r K P *J J: c>" S [^ccit 
iiai§7t <S: $ J: ^ tent -7 y-cci^r^iaif^). i^ifscc 

a>ftS«:*»-?rf#c^i>b-Airi./ 

[ 0 0 0 7 ] it^7hifi--:>mi^^m^^^^inxi.^h 
b'- A&®(ai'r4bfcae>tc:-e<!C'*SStcffig$n^>ri.^< i 
O'iliDBtdib-- A«:mif6U35fflt-*it:? T vjt y<:(ijfe 

?5g^(t^fsc'Sii«:.'J>sf^ * re (tighter ^> c <ty>^ffl 

tC4 5' <0l^g«:*>-5'Cffi@3n^>. 



(3) «B¥6 - 3 7 2 0 

4 

[0008] <:©«liM<ccn6S«ffi3!>^jfe^g^i? 
fe«b'-A<WfeBSJ!»^ieg5n^>®tc4iUi?j4 5' ©fta 

ufunb'-Ai*cc*i^sa> "igr ^fc\t -Tsa^ 

a>:^r ^ - A ^illSir ^> j^) AP b'- ACCESS 
irc tiiQ b'- A ^^isir ^> ?<:«&ffiD - A wfeKrt tcs 

. ^Sfeliis^(Dr^^^b'-Acc^*.rt^M£30^:f^<tvi^lO 

[ 0 0 0 9] ^M\t 3 b ~ u > h i#SI^S<DADffi<t SB 
-4s:^WO«S C«*:StS«i05ftiib:- A(^>*»<C*f l/iR 

*^ck*taps?:igi/, c<3c:'fta[}t$^?i o^a>»fis:7b^& 
a(5C'fii«:wr^. AP'«-i^'C3;A:{ii±ip®ii-en6^ii 

oiBcsfi*sn^b*-A**ife«?^^c/v^nfCs c<o© 

[0 0 1 0 ] CCC'AHO. 7fc^?^^CJ»,D*A:(iaiD®6 
^1 4llEC0Ca>7T U>;!5. { 1 98 8=^9Jg, :/ 
^■Y h>) <3Dia*J5p. 2 1 5--2 1 ZO>iGt^ -Genera 
Ipunpose sinqle-mods laser parlcaae provided vnth a 

parallel been cutputhavinq -60 dB interface fee* 

40 [0011] ^^mo>mo^mcj:nkt. it^mkmn 
-A y »m^x u\i-ju a rs<o-ai*# 
«:^r*cn6:/yxA©aeu:j:D, ft^$n. 

50 ft^Sn^o Ccrj7*gXA©llftii9 0' -CA^iJ: 
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(4) 

5 

[0012] 

^^Sl 4 0©fl2AA^U>Xl 1 2, ^T-^/^l 1 

1 1 \P^vm.^ni>o 4 0\t-r>o>^jstLiyxr> 

< 6ti'C-l/r5«,ucit^cC'*jaitcf9Ci«^»2'^<^>S 14 1 10 
i 1 4 2 «rW"r-5o i§*S5lob'-i*:;^:f 'J ^MJm 1 

4 1 <rafttt htx^o mi4z\mi4 \ cmmc 200 

1 4 2 1 4 2 b«:WOrc*^, b--v«*:3;srij 

i*k*ai 4 icc'f-AArf 'J ^rsc*iac*(cia^.'r 

XX'^tCtlltiP) t (S) -CnrSnrfeO, iittb-- 

u^<C'm^is(Q\i>'^m'T7it^ ( p> r'*>D . ® 1 4 1 xmM 

^tfffl**lfiJP0C2"^a:^J>br-Ak*^'»S14 2a± 20 
n. m^b'-AiO.?^^'#feiJit^-i.a>s«^<ji^fi£$ 

14 2altb-A3>M^-*-^^il^C{'^j^f 
n^2'^a>#6£5nA:^^>tr-.<.liUL-Xl 2 2«!;1 2 
3i<3J:0'7T'<^*<l 6 li 1 6 2*3iUr:)fe-«5vS:i^ 

SI 7 1 ^ 1 7 2(c:]i$ii-s, m^ic. m^nM\^-i. 

<!;fi^t'-A©S<i*^^br-^(tS 1 4 2 
n. U>X1 32, 1 3 3^aJ:CX7r 6 3, 16 
4«:iil/rA-Si2U£i^g|l 7 3, l7 4tCA'5. 30 
[0013] ^tfP^jfcb'-.i.i Sil7tb'-A;0iAj9ff 
&S 1 4 2±<0^\tKie^lcm^if^(cf(B^ini>. C<OWl 
1 4 2<Db--i.^7 »j -y ^fgit^fti UtriBl— C*^>i^5* 

b-A&^u<ii3fl$-tt. isa*r*fcr-x.;^7*'j '/^fS 
14 2a^Wb. S^*b'-i.(0A§^-r^>M14 2<^>^' 
^1 42 l))?^??0< C<Dt7i.^a>^*c:'f-A«r)SS^l,'C- 

[0014] 2'^0[>aB^tr-A<?>cniE>2^C[>ai/5(t^ 40 

Ji^ffl-c^b«>*'6. 2'^'7t-^s^«»s<^>ai*(i^Ji 
Kftgs 1 7 1 1 7 2(ommtm»imm isi c. ^ 

an 1 7 3 i 1 7 4<K><:tXitt&mm¥^ 1 6 2 0*^^ 
.^5n^>o cni*(f^b'-AOx;^;l.=r-'S:'$'^"Cffi^ 

1 8 2(9ffiAfi^t^s&i 9or^6]&dn^. ccc'Sss 



«S^6-3 7 20 

6 

lft?)l<cfeC.r. b-A3>/<«Y:^Sl 42a6 1 42 b 
Il^cc($^n%@^. ^.^dti'S^^<}b-ioOsp 
[0015102 < a > 1 4 03!>VJD4aJ:O' 

f • co^ffli^ 1 <omtmo>^fnvi>it. 92 

(a ) tcjiSS^nrcjfe^B^l 4 OccT'^^^t^itU'CC- 

@ 1 tc ^ J: ^ tc. B^ 1 4 0 itt—rxomicm^ 
^Sit.b'-A^T/O ^@ 1 4 1 ib'-AA7*U ^^5fei 
4 2a£ 1 4 2 t)*W^^». 1 4 Oa>iS!i®«4 5' 

4 3, 1 4 5. \ 41 ^fc\tl 4 Btrj.^J:'blC;$tir 
l*^. cni=>S^aii, ADAjJ:0'd4Db'-A^5t-A 
A:/iJ?r5rSl 4 1. 14 2a, 1 4 2 b (CJ: Df>Sl$ 

n-e cr ^.^5 n^m*c c n ^bscissf $ n-s ^ tc 

r^i><OV^^, 132 (a ) c^®r'i*AaiaJ:cmpb' 

--^(odi^im^v^r u >x 1 2 1 , 13 1. 12 

2, 12 3, 1 32. 1 3 3r'ni3nxt*^o 
[00 1 6] 132 <b} 4$@2 (a) 0Dj&^SlRcr:^B 

>^Ci 2 l^^YOr^T -Y.'n 1 O;0.65!Sl4Otca 
c<?>»S5i^'CC<Ob:-Aiiai4 3rss*u. ^jfe 
.^Jttr-A^.y 'J 1 4 1 r'itv.f 
$n. <-i/'Ccn6.'iS»«:— :^>!yib-AA7 U V 3?i2 1 

42a^it^«5. -ec r'J^^il#fe3S b - A<?>-^i ^.^ $ 
n^. C<^>^5nfcb'-Al^:XtCiKS4®l 4 8. u> 
XI 2 3*5J:C5^f^^l 6 2*/rt*-Cj^SStcii3n 

[ 0 0 1 7 ] S3 ( a ) . 3 ( b ) , 3 ( c ) 
<9j\=^^a>{tyor^lfemn^^. 1^2 (a) . 2 U)} 

iiss^fo, ADb'-Aisi/^eAO-ei/rMi 44 i 

1 4 Sr-j^^U. fflC|b-A(i® 1 4 3. 145. 14 
7, \ 4 SV^Mofcfklcrmtf^^ti^io CO>^:'!?icr 
Mkt. ^^im^m 171, 172, 173. 174 T? 

<t <<: J: 0 ajp tr - A fc «><D^I9* ^ a. -2» < S 

^^Ciig^U^€>. 03 (b) i3 <c) lii»B-BiC 

-ciciiVfi>mm^mmx^^o ei3 cb> icieu^x. 

ft^b-Ali^a^l 1 Oia 3? u>X'l 2 1* 
/rL CA^o C(Cb"-A«ffil 4 4'CSdtl/, b'-AA 
7 'J .>^S14 1 ib-A^^-KY-MSl 4 23^(^1^ 

0. mi 4 B(c^j}m\a^i 1 2u:mi'ixmir^o c 

<Dl^WS 1 7 2 4aS« 1 4 00[>TiaiJ«:it»ESS 
-£>. ®3 { c ) i*b'-A;^:f «J :? 1 4 1 ib'-A^ 
>-'<^'^-S14 2bi!x:S^ffil 4 3«:/>l/rmifiil 7 
3iCA^>b-A=£^f o 

[0018] jfe^^.<^Si-^'^;^9?®r©ffll«tR<: 
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7 

a-^^> jr^^-r^o mmsi^-"^ <>i^fd^i'^im 

2bi$@l<D^I&r^Ml 4 1. 14Sa. 14 2 

fflDSiistiOi -7 ri - ^ -e c •ci^.^-r i - A (t 

[00191 ife^f!5&4 4 0<DiffilM(3C:'^3i«[#:H51ft4*=3 ij 
>--^fU>Xi 2 1 1 3 3ccjti-r*aiStfeJ:Ci«i[Stc 
J: D ^r^ 0 , 1 0 ^^<oilfc!g^i^»ja[cc:'aaai:'*>'S, s 

i^c. $f^^l 10. 113. 16 1. 16 2, 1 65. 
1 6 4<^)3^®i3:t^-i.tc:*tO£»«>tc:|2SO-^^, ^o>^ 

- Acffl p^^ br- i.<o^ ticciii Lvc e>it t <f 

[0 02 0] C*i*iiI.5<«:5n-ro C<Z?0tciBi**c. 
i.;<:f»J ^^^Soc^-^^OgH^l 4 1 a, 14 1b, 14 
2a, 1 4 2b:«^n^$nC4aO, cn*,{ift3l^OtC45 

i^'CEC'CcftKa. r. uremia iHb-- 

«?f;i(i:fi^b'-,i*k*Sl 4 1 a^CftSrCAio 
C^StCiJC^t:. fc'-wf*Si*2-^a>gji5>b'--^Si iS 

S. ^Si (i^Sl ^k$:i^r^^i&l 42a. 14 
2b<rAS*'$'^, mi 42 a^%si*X. ^<^b'-AS, 

iiP?cj«2-p<^)giif>b-ASi,<i:S..^<:^w^=>n. -eor 
r5]t;<;^a I -c-eQS^ai^o cni^ai 4 2be«c^ 

[0 02 1 ] SI 4 1 ■CA'5^2ADb'-A 
L4*ai^^b'-AL, dL. lC9^Vfibt\. ^*tffim^m\ 
42ai 1 42b-C^<>b'-i*L„, U,. L,,, Lj, 
ui^ii^ti^. ip^b-AUi. Li,. L,i. Lii>!>^ 



(5) «H^6-37 2 0 

b'-ALi iSl4 2bCC'J^j:-rftS[i*Kinf'£>. 

[0 02 2] m^^i6^i^n!mmt'X<^^}v£b^o 

HftOACtC'^<r»T:of+ i + lc= 1 aO' ;HftOCB 
tc:o<,^rr + K + j = 1 80' H^^0BDtco*,>r/3 
+ j + l = l80' ; HftODACC-:><,*r^+ 1 + I = 
18 0' rEgftABCD<Cr?t^tr2 < i + j +K+ I > 
= 3 60' o Ct\^tf^fi> a4-(S= r + 1 8 0* 

10 {±, fi^b'--Ai^^#felib-AjOs^--^iancill^J:'^ 
80* r^<rJt«f6'tt«,*« Bl 4 1 a, 141 
b, 14 2a. \42\yJ^ni^'^O^^fcttu^^,^UL^ 
^^txhm<om^icnr^t.^'y HimDb'-Acc*:3^ifi]tc 

^IS(Cli<-<^)c^: ^» ttmikt b- AiOacH* a U > - I. 
>x<r J: 0 izit < o t: b - A^ssc.^^ gyy^tcrn c ^tsi 
^m±vyL<^rsmt£ 0 3!>^fi ibn-J^ J: ^> ^ i c <b J: 0 

[00231 06 li±12ilS*JiC^^7t^f|3ei 1 4 0 (I) 
20 — *!4S«*^nr. COSS4*4^a>gPJj7*y XA 1 4 0 
a, 140b, 140c, 140d«:^l/, cn^^U 

XAcrffi(t7fe^fl^4*#s«] 1 5 0 r-sw^tdi^'-jp^m: 

ly'C^^o 7 'JXA 1 4 0 a <t 1 4 0 ba>llftaij81i 

•e<z:.fi»si 8 0* icnfi,^:^Jtc:5sii:n^p b-Ax^-'j 

7 ^f©l 4 1 a <L 1 4 2 bk*v 'JXA 1 4 0 d<h 1 4 0 
c ic^ *t mr^:f') XA 1 4 0 a <3[>2 oCfxaJS^r i&C:f 6 
n*, SI 42ai 1 4 1 bJi^yXAl 4 0<i<!;l 4 
Oc^cMf ^>:/'JXAi40b<DiSifffiCC2gl-t^n^o C 
30 <D^.^iCt:--A^'7'^) ':f$fm^mi^Cti^CJ:0. b'- 
A:^y«j ^oc:'ffisa<^>^g:0\ i^-^i<IS<;D4flicC':^y X 

mtC^hh^ :^'JXAi4 0a. 14 0b. 140c, 

i4 0d«:— occ'S^tcmir^i. sc-tc^^Ticn 
e>:/i>XAa?iEi6tf^'&^t7^te'»*jai-, cti^b©^ 

<oa!glt2-^«:.:/ijXA 1 40a i 1 40 btCchO^^ 
^n-ST!)^^, »J XA < 1 4 0 C i 1 4 0 d ) OtS 

ai*ffe< x'^«fc<«3t-?t:?cjsr'**. z^'uxAMOc 
40 t 1 40dJ±ISgSi|*'ec<£3D«f ^ci-c^nsui:^ 
J:<*S 914 1^14 2<3r:'&SCC«j(:f '&@trr^cr>.%ft'& 
^6S^r'r^>J:^»'m'ia*i<i(i. 7i»XAl40cil 
4 0 d^a>x^-x-&^< ^o^jf i bJ:<r». 

[@SCr>^Siacg^] 

[011 '^m^<D^^^^rmo 

[021 AQ4ai:o'ffiPb-A(^jfesapitcSSTa^Wf 
[@3] 'C-Offi(C'^^^^fgi. 
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(5) «H¥6-3 720 

9 10 







u>x 




1 i9 1 






132 






133 




1 1 0 jfe^T 


140 




1 1 3 *7 7 


1 7 1 




163 A^tY.'V 


1 7 2 




1 6 4 jfe^T . 


1 7 3 




i 1 1 ^^^ISS 


1 74 




! 1 2 i^>;^' 


10 18 1 




12 1 U>X 


182 




122 U>X' * 


14 1 





mw [@2i 
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